A general structure of an automatic fire detection system and the results of a study video analysis algorithms for detecting based on contour analysis. Given contour extraction processes objects in the image and make decisions about the discovery of fire or the absence thereof. Experimental researches on the video images of the forest area done with the use of the developed structure of the automatic fire detection system.
Introduction
The efficiency of the fire problem depends from the early detection of the fire place. Usually space monitoring and aviation are using for the decision of this actual problem. Every method has its benefits and weaknesses, but only the automatization of the work of the territory monitoring system, which should determine and automatically recognize the fire place in the early beginning, and then information of the necessary services can solve the problem in the area of fire safety. That's why the development of the automatic fire detection system based on modern intellectual technologies is a very important task nowadays.
The development of modern technologies of the technical vision allows determining the fire on digital images in the automotive way. Such systems with the use of different sensors get the data about the environmental condition and analyze the fire probability by the determination of such dangerous visual objects as smoke or fire without the operator work and inform him just after getting the final decision about real danger [1, 2] .
Structure of the automatic system and methods of determination of dangerous fire factors
Developed system is made for determination of the fire and its' fireplace in the real-time mode. The existing info communication framework of the data transfer can be used for the system functioning.
Enlarged structure of the automation system consists of these functional blocks ( Figure 1 ): -system of sensors; -software block; -fire alarm system; -PC operator. The system of sensors, which includes video sensors, infrared sensors, ultraviolet sensors, controls such parameters as the increasing of the air temperature, appearance of the open fire, detection of certain changes in the video image. Because of the simultaneous use of the ultraviolet and infrared channels the amount of fireplaces, their location and fire intensity can be detected. The use of three types of determination channels and of the special algorithm of the signal and image processing will decrease the possibility of false operations and more effective control the situation in the zone of the system work [3] .
Software block has such functions as the preliminary signal and image processing from the sensors; archiving of the video image; storage of the database for determination of the fire objects; analysis and fire detection. Control block allows to get the final decision of the start of the fire on the intellectual level, i.e. the control signal will go to the fire alarm system after analyzing of several object parameters.
The task of the operator in this process is to react timely on the system signals.
Basic fire factors which can be registered by the video sensor and preventing factors are described down [4, 5] :
• Open flame differs highly from the backlight by the intensity and frequency of the electromagnetic radiation. Sometimes the flame can be determined by the video sensor, based on the special algorithm of the signal processing. The advantage is the possibility to control of big open grounds. The additional advantage is the possibility to fix the exact place of the fire in the automotive mode. Preventing factors are noises from the sun, changes of the time of the day, rainfalls, different movements of people in the frame, but there is no problem to fix this factors. The technical difficulty can cause during the creation of the special video sensor with a wide dynamic range.
• A column of smoke on the open ground can be easily determined by the strong change of the image contrast on the big size of the image. In this case same problems appear as in the previous one.
•
Indoor smoke: firstly smoke appears in the upper part of the space in the very beginning of the fire. The main preventing factor in this case can be insufficient contrast in the space in the dart time of the day, but this problem can be solved by the use of "reference signals" or the use of the infrared sensors. Well known methods and developed on their basis algorithms of the video signal processing, which can be used in determination of dangerous factors of the fire, can be divided in 3 groups [6] [7] [8] .
The first group includes methods, using references images, gotten before the dangerous situation in normal conditions in different types of illumination (day, evening, rain, etc.). The second group includes methods, using the exact database of the typical video image blocks of such different dangerous situations as the form and the type of the flame, intensity of the smoke and different preventing factors, such as the solar flare, lights of moving cars, and different types of flares. The third group includes methods, which analyze static and dynamic components of image elements by brightness and color components, and also with the use of special sensors of the infrared range.
In this work the method and algorithm of the fire factors determination based on the contour analysis of video images are described. Contour approach allows not to analyze inside points of the image and because of that to decrease the size of processed data by the movement from the function with two variables to the function of the one variable. The consequence of this is the possibility of work of the system in the real-time mode.
Algorithm of the image analysis for the fire detection based on the contour analysis
Described automatic system includes the records of video images of the controlled surface and contour standards of the image objects. The result of work of the signal and image processing block is the basic analysis of the image characteristics (brightness, contrast and others, which depend from the peculiarities of the shooting and parameters of the equipment) and their preliminary processing [9] [10] [11] [12] .
Analysis and pattern recognition block by the gotten video images of objects can react in a such way:
• Detection of the object contour on the image.
• Formation of the scalar product of the recognizing contour with the standard contour.
• Comparison of the real part of the scalar product with the threshold value.
• Getting the final decision about the fire determination. Generally, the algorithm of detection is as follows. We have standard contour G of the image object of the controlled surface before dangerous situation and determined contour N of the object in the current image. Standard can be formed depends from the weather situation, illumination, etc.
In this case the algorithm of detection will look:
where 0 Λ is the threshold value, 0 U is the threshold, which depends from the energy of the standards and noise contours and risks.
Thus, for getting the final decision about the fire detection in the exact place the object contour N should be determined and scalar product of the determined contour N with the standard contour G should be done. Then the real part of the scalar product is comparing with the threshold value, depends from the energy difference, noise dispersion, risks [13] .
Researches in the fire detection were made on the example of video images of the forest area (Figures 2-4) . The object contour was determined on the image (the upper level of the forest area) and then was compared with the standard contour of the exact area (before the dangerous situation). 
Conclusion
Experimental researches, which were made on the video image of the forest area, shown that during the fire appearance the object contour is changing during the all dangerous situation. The results of the developed algorithm show that in the image with determined contour N 1 the final decision about the fire absence is done, in images with determined contours N 2 , N 3 the final decision about the fire appearance is done. Thus, contour analysis can be shown as the mathematical model, which provides the way for decision of the problem of the image processing and the private problem of the fire appearance and dangerous situations on video images.
